It has been su ggested1 th a t the release of lysosom al enzymes m ay explain som e of the biochem ical changes found in virus-infected cells and m ay con trib ute to the cytopathic effects of som e viruses. Since concentrated lysosom al p rep a ra tio n s h y d ro lyse tissue fra c tio n s 2, an d the lysosom al enzymes /?-galactosidase, ^-g lucuronidase and /?-glucosam inidase w ere rep o rted to cause antigenic changes of erythrocyte surface antigens o r even haem o lysis 3> 4, it m ight be possible th a t the haem olytic (cytolytic) activity of som e viruses results from their association w ith a lysosom al enzym e (lyso som al enzym es). R ecently data suggesting the iden tity of haem olysin w ith an enzym e splitting diisop ropylfluorophosphate (D F P ) w ere p u b lis h e d 5.
Associarion of Sendai virus with esterase and leucine aminopeptidase activity; its probable relationship to "haemolysin" It has been su ggested1 th a t the release of lysosom al enzymes m ay explain som e of the biochem ical changes found in virus-infected cells and m ay con trib ute to the cytopathic effects of som e viruses. Since concentrated lysosom al p rep a ra tio n s h y d ro lyse tissue fra c tio n s 2, an d the lysosom al enzymes /?-galactosidase, ^-g lucuronidase and /?-glucosam inidase w ere rep o rted to cause antigenic changes of erythrocyte surface antigens o r even haem o lysis 3> 4, it m ight be possible th a t the haem olytic (cytolytic) activity of som e viruses results from their association w ith a lysosom al enzym e (lyso som al enzym es). R ecently data suggesting the iden tity of haem olysin w ith an enzym e splitting diisop ropylfluorophosphate (D F P ) w ere p u b lis h e d 5.
In the present paper the release of lysosom al en zymes o ccurring in chorioallantoic m em branes of chick em bryos infected w ith S endai virus and the effect of adm in istratio n of agents, know n to in fluence the stability of lysosom es, on the haem olytic activity of the virus progeny was studied. F u rth e r m ore experim ents w ere ca rrie d out to find w hether the enzym es under investigation becom e associated w ith the virus particles. A b rie f account of the re sults presented below w as already 6 published.
Materials and methods
Ten days old chick embryos were infected with approximatively 106 EID50 of Sendai virus and incubated at 35 °C. To account for the changes of the level of lysosomal hydrolases occurring during the course of embryonic development7, uninfected control embryos were included in the experiment. The incubation of groups consisting each of 5 embryos was interrupted 16, 20, 24, 29, 37 and 48 hours, respectively, after infection, and after (hilling for approximatively 8 hours at 4 °C, the allantoic fluids (AF) and the chorio allantoic membranes (CAM), corresponding to each group, were harvested separately. The AF were then clarified (3,000 x g, 20 mins.) and centrifuged twice at 58,000 x g for 60 mins. The sediments ( = virus + normal "sedimentable" component), resuspended in l / l 5 of the original volume of AF with phosphate buffered saline (0.14 M NaCl, 0.007 M phosphate, ph 7.2) (BS) and the supernatant fluids after high speed centrifugation (SAF) were stored for the assay of enzymatic activities. The CAM, washed with BS, were cut with scissors into small pieces, mixed with 7.5 ml. of 0.25 molar sucrose, homogenized with quartz sand and centrifuged at 15,000 x g for 20 mins. The sedi ments were discarded and the supernatant fluids (SH) stored for further analysis. For the estimation of acid phosphatase, /?-glucuronidase and /?-galactosidase in the individual samples of SH, suitable aliquots (0.05 -0.30 ml.) were with drawn, mixed with 0.50 ml. of a solution of the ap propriate substrate (0.50 mg/ml.) (phenylphosphate, Lachema; phenolphtalein-/?-glucuronide sodium salt, Light; and o-nitrophenyl-/?-D-galactopyranoside, Sigma, respectively) and the volume adjusted to 1.5 ml. by addition of 0.1 molar citrate-HCl buffer pH 4.9. After 2 hours incubation at 37 °C, 0.5 ml. of a 5% solution of trichloroacetic acid was added to the samples and the precipitated proteins were sedimented (3,000 x g, 5 m ins.). In the supernatant fluids the amount of liberated phenol (addition of 0.1 ml. of conc. N H 4OH, 0.1 ml. of a 3% solution of 4-aminoantipyrine and of 0.1m l. of a 10% potassium ferricyanide solution; op tical density (O.D.) read at 530 m //), phenolphtalein (addition of 0.20 ml. of a 20% Na2C 0 3 solution and of 1.5 ml. of 0.1 molar glycine-NaOH buffer pH 10; O.D. read at 550 m //), and o-nitrophenol, respectively (addition of 0.20 ml. of a 20% Na2C 0 3 solution and of 1.5 ml. of a 1% NaOH solution; O.D. read at 400 m( u) was then determined. The amount of sub strates enzymatically decomposed was calculated ac cording to calibration curves constructed for phenol, phenolphtalein and o-nitrophenol, respectively.
In the individual samples of SH, SAF, virus and normal "sedimentable" component preparations ester ase and leucine aminopeptidase activities were deter mined using yS-naphtylacetate (C grade, Calbiochem) and L-leucyl-yS-naphtylamide hydrochloride (B grade, Calbiochem) as substrates. Suitable aliquots of samples (0.05 -0.35 ml.) were mixed with 1 ml. of substrate solutions (freshly prepared by mixing 1 part of a 1% stock solution in acetone with 50 parts of distilled water) and the volume was adjusted to 2 ml. by ad dition of 0.1 molar phosphate buffer pH 7.2. The assay of esterase and amidase activities was performed at the absence or the presence of DFP (final concentration 10-6 molar, achieved by further addition of 0.1m l. of a 2 x l 0 _ 5 molar solution of DFP to 2 ml. of the reaction mixture). After 1 hour's incubation at 37 °C the reaction was stopped by addition of 0.5 ml. of a 2 molar citrate-HCl buffer pH 4.2 to the samples. The am ount of /?-naphtol (y5-naphtylamide) split off was determined spectrophotometrically at 545 (525) m/u 40 minutes after further addition to the samples of 0.5 ml. of a solution of o-aminoazotoluene diazonium chloride (C grade, Calbiochem; 3 mg/ml. in 10% Tween 20). The O.D. was read against controls con taining the substrates and reagents only.
The haemagglutination (HA) titers and the haemolytic activity of Sendai virus were determined using the methods already published 8> 9.
The conditions of density gradient centrifugation were identical with those published recently 10, except that fractions of 0.30 ml. each were collected.
The effect of agents known to influence the stability of lysosomes and to act on the surface of cells and subcellular particles, on the haemolytic activity of Sendai virus, obtained by high speed centrifugation (58,000 x g, 40 mins.) of infectious allantoic fluids, which were harvested 48 hours after the infection of embryos with the virus, was studied as follows: 0.1 ml. of suspensions (solutions) of hydrocortisone acetate (Spofa Prague, 10m gm /m l.), A vitamin acetate (Spofa, 50,000 m .u./m l.), A vitamin (Hudson Vitamin Pro ducts, Inc. N.Y., derived from fish liver oil), histamine (Organofarma Prague, 2.5m gm /m l.), sodium deoxycholate (50 //gm /ml.) and BS ( = control) were ad ministered intraallantoically to groups each consisting of 5 embryos, 16 hours after infection with the virus. The HA titre of the purified virus suspensions, pre pared separately from each embryo, was adjusted to the same level by appropriate dilution with BS and then tested for haemolytic activity.
The inactivation of Sendai virus by heat (50 °C, 20 mins.), formaldehyde (at pH 9.2, 12 mins. at 37 °C) and phenylisothiocyanate was performed as described in detail elsewhere u . The conditions of treatment of Sendai virus by ether were identical with those already published 12. The water layer together with the inter phase precipitate were used for the assay of haemolytic, esterase and leucine aminopeptidase activities.
To test whether esterase and leucine aminopeptidase activities were adsorbed onto red blood cells (RBC) together with viral haemolysin, 0.4 ml. aliquots of a suspension of Sendai virus (16,000 HA/ml.) were mixed with 6 ml. of RBC suspensions (5, 2.5 and 1.25%, respectively) at 4 °C. After staying for 30 mins. at the same tem perature, the suspensions were centri fuged at 1,000 x g for 5 mins. and the virus ( + host components) not adsorbed onto RBC from the super natant fluid was concentrated by high speed centri fugation (80,000 x g, 60 m ins.), and then the haemo lytic and enzymatic activities of the sediments were determined. Thus the proportion of activities adsorbed onto RBC could be calculated.
Results
T h e ad m in istra tio n to the infected chick em bryo of A vitam in o r so d iu m deoxycholate, which are know n to enhance the release of lysosom al h y d ro la s e s 13-15 and to act on cellular m em brane system s 16-20? an d of histam in e results in an in creased haem olytic activity of the virus progeny (F ig. 1 ). O n the o th er hand, ad m in istratio n of h y d ro co rtiso n e, which increases the in vitro and in vivo stab ility of lysosom es 21-24 and suppresses in- flam m atory reactions in chick em bryos infected w ith influenza viruses 25, reduces the haem olytic activity. T h is result is com patible with previous su g gestions 5' 26 th at haem olytic activity is not an in v ariab le p ro p erty of " haem olytic" m yxoviruses and expresses changes which have occurred in host cells as a consequence of viral infection, and supports the assum ption th a t the form ation of " haem olytic" v iru s particles m ig h t be in some relation to the release of lysosom al hydrolases.
In the course of infection by Sendai v iru s of chick em bryos, an increased release of the lyso som al enzym es: acid phosphatase, /^-glucuronidase and /?-galactosidase, as well as of esterase could be d em onstrated in hom ogenates of CAM (Fig. 2 ) . The release of lysosom al enzymes o ccurring in vivo in infected cells as com pared w ith non infected con tro ls m ay be even m ore pronounced, as the m ethod of hom ogenization possibly involves an artificial release of enzymes caused by mechanical trau m a of lysosom es.
As no /^-glucuronidase or /?-galactosidase activi ties, which hypothetically m ight be involved in the d estru ctio n of RBC, could be dem onstrated in the resuspended sedim ents obtained after high speed cen trifu g atio n of infectious or control allantoic fluids, fu rth e r experim ents were confined to the estim ation of esterase and leucine am inopeptidase activities, which p ro b ab ly take p a rt in the process of cell d estru ctio n 27, 28. It is evident from Fig. 3 , th at in the course of infection an increase of esterase and leucine am inopeptidase activities, concom itant w ith a raise of haem olytic/H A activity, could be de m o n strated in b o th sedim ents and su p ern atan t fluids o b tain ed after h ig h speed cen trifugation of allantoic fluids. T he h ig h er ratio of am inopeptidase/esterase, and esterase resistan t to D F P /esterase in hibitable by D F P activities of the sedim ents in com parison w ith those of the su p ern atan t fluids, the esterase activity of the latter b eing com pletely in h ib ited in the p resence of 1 0~6 m o lar D FP, indicates th at we are dealing m ore th an w ith a single enzym e splitting /?-naphtylacetate. No acetylcholine splitting activity could be d em onstrated in the sedim ents.
T he follow ing p o in ts indicate th at at least a fractio n of the v iru s particles becom es associated w ith esterase and leucine am inopeptidase activities; 1. A p a rt of both enzym atic activities is adsorbed onto RBC together w ith the virus (T able 1 ). M ore over, qualitative evidence w as found fo r the elution of b o th esterase and am inopeptidase from RBC.
2. D ensity grad ien t centrifugation experim ents revealed th at a p a rt of enzym atic activities sedim ented together w ith the virus (Fig. 4 ) , i . e. at a h ig h er sedim entation rate in com parison w ith th at of the norm al " sedim entable" com ponent of al lantoic fluid or w ith th at of a viru s p rep a ra tio n treated w ith sodium deoxycholate 29. T reatm en ts know n to cause a loss of haem olytic activity of S endai v ir u s n , im p aired both esterase an d leucine am inopeptidase activities (T able 2 ) . Discussion P revious investigations revealed that the com ponent responsible for the haem olytic activity of som e m yxoviruses is of proteinaceous n atu re 11,30, p ro bably an enzyme splitting D F P 5. T he specific association of this com ponent w ith the virus particle seems to be a condition fo r the m anifestation of haem olytic a c tiv ity 29. The association of Sendai v irus particles w ith esterase and leucine am in o peptidase activities, experim entally evidenced in the present paper, offers an attractive explanation fo r the haem olytic activity of the virus particles, since an am inopeptidase w ith esterolytic properties, which is not in h ib ited by D FP , seems to be involved in cytolysis 27, 28. Increased am inopeptidase and ester ase activity could be dem onstrated histochem ically in w ounded, inflam m atory, necrotic and neoplastic tissues 27,31-38 an d a relationship between tum or invasion and am inopeptidase activity was sug gested 27. In this p ap er evidence is given fo r the increase of b o th enzym atic activities resulting from the infection of CAM w ith Sendai virus. It seems to be p ro b ab le th at v iru s particles becom e associated w ith these enzym es d u rin g the process of em ergence from host c e lls 26. In th is respect it is of great in terest th a t agents w ith a deterio rativ e effect on m em branes of cells an d subcellular particles cause an increase of the haem olytic activity of the virus p rogeny, w hile ad m in istratio n of hydrocortisone, suppressing inflam m atory processes, decreases the h aem olytic activity of the virus.
F o r a fu rth e r study of the haem olytic (cytolytic) activity of som e m yxoviruses, the biochemical changes o ccu rrin g w ith cell m em branes and p re ceding lysis have to be studied. E xperim ents are now in p ro g ress to study the su b strate specifity of the enzym es u n d er investigation and to characterize them by m eans of starch gel electrophoresis.
